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DESCRIPTION 

 

INVENTION TITLE: COMPACT SPRING RETURN ACTUATOR 

 

Technical Field 5 

[1] The present disclosure relates to a compact spring 

return actuator, the actuator being capable of emergency 

returning a valve when an emergency situation such as a 

power failure occurs.  More particularly, the present 

disclosure relates to a compact spring return actuator 10 

provided with differential planetary gear decelerators 

respectively provided at a driving shaft actuated by a 

motor and at an actuation shaft actuated by an elastic body 

of an emergency return means, the compact spring return 

actuator being configured such that the differential 15 

planetary gear decelerators are engaged with each other so 

that driving force transmissions of each of the motor and 

the elastic body are dualized so that the motor and the 

elastic body do not affect each other, and the compact 

spring return actuator being configured such that the 20 

capacity of the motor is reduced and each component of a 

driving force transmission system is miniaturized, thereby 

being capable of reducing the weight of the entire actuator 

and miniaturizing the entire actuator. 

 25 



 2 

Background Art 

[2] Industrial structures, which are gradually advanced, 

have been reorganized.  Accordingly, throughout the entire 

industry field, the industrial structures are integrated 

and are advanced to an unmanned integrated operating system 5 

from a conventional manned individual operating system.  

Therefore, an efficient integrated operating system has 

been established.  Particularly, in a part related to a 

valve that controls the flow of fluid, use of an automatic 

valve capable of being efficiently and remotely controlled 10 

and various automatic flow rate control apparatuses has 

rapidly spread. 

[3] An electric actuator used in such an automatic flow 

rate control apparatus is a driving apparatus essential for 

automating a valve, a damper for an adjustment, or the like, 15 

and the electric actuator is comprised of a control unit, 

an annexed gear apparatus, a motor, and so on. 

[4] In briefly describing a typical structure of the 

electric actuator, the electric actuator includes a motor 

configured to rotate according to an application of power, 20 

a driving shaft configured to rotate according to the motor, 

and a driven shaft configured to open and close a valve by 

being rotated by receiving a decelerated rotational force 

from the driving shaft.  Therefore, the valve is opened and 

closed as the driven shaft rotates in both directions by 25 
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the actuation of the motor. 

[5] However, in such a conventional electric actuator, 

when power that drives the motor is blocked due to an 

occurrence of an emergency situation such as a power 

failure while the valve is in an opened state, a driving 5 

means including the motor is stopped at the same time, so 

that opening and closing actuations of the valve are not 

capable of being performed. 

[6] In such a situation, when a stopped state of the valve 

is maintained for a long time, there is a risk of a safety 10 

accident such as a fluid leakage, equipment destruction, 

and so on, due to failure of various components of the 

actuator, breakage of a pipeline through which a fluid 

flows, or the valve that is stopped during the actuation 

(or after the actuation is finished). 15 

[7] Accordingly, as can be seen in Korean Patent No. 10-

1130983 and so on, a spring return valve actuator which 

uses an elastic force of a spring when an emergency 

situation such as a power failure and a state in which a 

motor is not capable of being controlled occurs and which 20 

is capable of returning a valve to a state before the valve 

is initially actuated has been used. 

[8] However, the conventional electric actuator has 

problems as follows. 

[9] First, the conventional electric actuator is 25 
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configured such that a coil spring or a torsion spring is 

connected to a driven shaft that rotates a valve so that 

the valve is opened and closed.  That is, the coil spring 

or the torsion spring is connected to an output side of the 

electric actuator, and a driving force transmission system 5 

in which turning on power, operating a motor, gear 

operating a deceleration unit, compressing a spring, and 

actuating the valve are performed is formed.  Therefore, 

since an accumulation and a relief of an elastic force of 

the spring occur according to a motor actuation, the motor 10 

is also required to have high output, so that there is a 

problem that the actuator is required to have a large size. 

[10] Second, in a designed structure of the conventional 

electric actuator, since a return shock is wholly 

transmitted to gear components as the elastic force of the 15 

spring is directly transmitted to the driven shaft, there 

is a high risk of the occurrence of failure, so that there 

is a problem that the gear components become larger since 

the gear components are manufactured of a high strength 

material. 20 

[11] Third, since the coil spring or the torsion spring 

used in the conventional electric actuator have a large 

difference between an elastic value in a preload and an 

elastic value in a fully compressed state, a force and a 

strength of both the motor and the gears that are required 25 
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to reduce a speed are required to be matched to the force 

and the strength in the fully compressed state of the 

spring.  Therefore, since the conventional electric 

actuator has the large size and the heavy weight, use of 

the conventional electric actuator by the user is difficult, 5 

and there is a problem that the conventional electric 

actuator having the large volume is manufactured since the 

motor has the large size due to the high output of the 

motor and the gears have the large size to secure rigidity 

thereof. 10 

[12] Fourth, since the conventional electric actuator is 

configured such that an electromagnetic brake that limits 

the actuation of the compressed spring is always turned on 

and magnetization occurs, there is a problem that the 

electromagnetic brake is not accurately actuated in an 15 

emergency situation. 

[13] Fifth, in the conventional electric actuator, there is 

a problem that a stopper that stops the valve after an 

emergency returning actuation is easily broken by a strong 

shock. 20 

 

Disclosure 

Technical Problem 

[14] Accordingly, the present disclosure has been made 

keeping in mind the above problems occurring in the related 25 
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art, and an objective of the present disclosure is to 

provide a compact spring return actuator. 

[15] Further, in an actuator capable of automatically 

returning a valve to an original position when an emergency 

situation such as a power failure occurs, there is provided 5 

the compact spring return actuator provided with 

differential planetary gear decelerators respectively 

provided at a driving shaft actuated by a motor and at an 

actuation shaft actuated by an elastic body of an emergency 

return means, the compact spring return actuator being 10 

configured such that the differential planetary gear 

decelerators are engaged with each other so that driving 

force transmissions of each of the motor and the elastic 

body are dualized so that the motor and the elastic body do 

not affect each other, and the compact spring return 15 

actuator being configured such that the capacity of the 

motor is reduced and each component of a driving force 

transmission system is miniaturized, thereby being capable 

of reducing a weight of the entire actuator and 

miniaturizing the entire actuator. 20 

 

Technical Solution 

[16] In order to achieve the above objective, according to 

the present disclosure, there is provided a compact spring 

return actuator, the actuator including: 25 
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[17] a driving shaft configured to be rotated by receiving 

a driving force from a motor; 

[18] a driven shaft configured to open and close a valve by 

being rotated by the driving shaft; 

[19] a deceleration means configured to decelerate a 5 

rotational force that is transmitted to the driven shaft, 

the deceleration means including a differential planetary 

gear decelerator provided at the driving shaft; and 

[20] an emergency return means provided with an elastic 

body and an actuation shaft which is configured to convert 10 

an elastic force of the elastic body to a rotational force 

and to transmit the rotational force and which is engaged 

with the differential planetary gear decelerator, thereby 

being configured to rotationally return the valve when 

power is blocked. 15 

[21] In addition, the compact spring return actuator 

according to the present disclosure may include: 

[22] a braking means, the braking means being provided with 

at least two electromagnetic brakes that limit an actuation 

of the emergency return means, and the braking means being 20 

configured to be set such that on and off actuations of 

each of the electromagnetic brakes are alternately operated 

every predetermined time so that other of the 

electromagnetic brakes are turned off when one of the 

electromagnetic brakes is turned on. 25 
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[23] In addition, in the compact spring return actuator 

according to the present disclosure, 

[24] the elastic body may be formed of an S-shaped spiral 

spring. 

[25] In addition, in the compact spring return actuator 5 

according to the present disclosure, 

[26] the deceleration means may include: 

[27] a first differential planetary gear decelerator 

provided at the driving shaft; and 

[28] a second differential planetary gear decelerator which 10 

is provided at the actuation shaft and which is engaged and 

connected with the first differential planetary gear 

decelerator. 

 

Advantageous Effects 15 

[29] The compact spring return actuator according to the 

present disclosure has effects as follows. 

[30] According to the compact spring return actuator of the 

present disclosure, in the actuator capable of 

automatically returning the valve to the original position 20 

when an emergency situation such as a power failure occurs, 

since the driving force transmission systems of the motor 

and the elastic body are not interfering with each other 

and are dualized, the amount of load that the motor handles 

is reduced, so that a torque required to open and close the 25 
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valve is secured with only a small motor having a low 

output and the compact spring return actuator can be safely 

used.  Further, by reducing a return shock applied to the 

connected gear components through the S-shaped spiral 

spring, the force and the strength of the gear components 5 

do not have to be large, so that the gear components can be 

miniaturized, thereby being capable of miniaturizing the 

actuator and reducing the weight of the actuator by 

significantly reducing the size of the actuator comparing 

to a conventional actuator having the same torque. 10 

[31] Further, even if the motor having small capacity is 

used, the final torque that is output is capable of being 

designed to match a reference torque by utilizing a 

deceleration ratio after the emergency return means is 

actuated since the emergency return means is not directly 15 

connected to the driven shaft and is connected to the 

driving shaft that is a middle portion of the deceleration 

means. 

[32] Further, since the magnetization of the 

electromagnetic brakes are prevented, there is an effect of 20 

preventing a problem that the electromagnetic brakes are 

not properly actuated in an emergency situation. 

[33] Further, by using a hydraulic stopper, there is an 

effect that the shock to the valve (a worm wheel portion) 

that is rotated in a high speed by the emergency return 25 
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means can be relieved and the valve can be safely stopped. 

 

Description of Drawings 

[34] FIGS. 1a and 1b are external perspective views 

illustrating a compact spring return actuator according to 5 

the present disclosure. 

[35] FIGS. 2a and 2b are perspective views illustrating 

main parts of the compact spring return actuator according 

to the present disclosure. 

[36] FIGS. 3a to 3c are a plan view, a front view, and a 10 

bottom view of FIG. 2a, respectively. 

[37] FIG. 4 is a cross-sectional view illustrating the main 

parts in FIG. 2a. 

[38] FIGS. 5a and 5b are cross-sectional views illustrating 

main parts of a hydraulic stopper of the present disclosure. 15 

[39] FIGS. 6a and 6b are cross-sectional views illustrating 

main parts of a nut loosening prevention means of the 

present disclosure. 

[40] *DESCRIPTION OF MAIN PARTS OF DRAWINGS* 

[41] M: motor 10: driving shaft 20 

[42] 20: driven shaft 30: emergency return means 

[43] 40: braking means 50: manual opening and closing means 

[44] 60: hydraulic stopper 

 

Best Mode 25 
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[45] The present disclosure may be modified in various ways 

and implemented by various exemplary embodiments, so 

aspects (or embodiments) will be described in detail.  

However, it should be understood that the specific 

embodiments according to the concept of the present 5 

disclosure are not limited to the embodiments which will be 

described hereinbelow with reference to the accompanying 

drawings, but all of modifications, equivalents, and 

substitutions are included in the scope and spirit of the 

present disclosure. 10 

[46] In the drawings, like reference numerals, particularly, 

reference numerals having the same last two digits or the 

same last two digits and letters, refer to like elements 

having like functions throughout.  Unless the context 

clearly indicates otherwise, elements referred to by 15 

reference numerals of the drawings should be understood on 

the basis of this standard. 

[47] In addition, the elements in the accompanying drawings 

are exaggerated in size or thickness to be large (or thick) 

or small (or thin), or simplified for convenience of 20 

understanding, but such exaggeration or simplification is 

not construed as limiting the scope of the present 

disclosure. 

[48] The terms used in the present specification are only 

to describe specific aspects (or embodiments), but not 25 
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intended to restrict the present disclosure.  As used 

herein, the singular forms are intended to include the 

plural forms as well, unless the context clearly indicates 

otherwise. 

[49] In the present application, it will be understood that 5 

terms ‘comprise’, ‘include’, etc. are to designate the 

presence or addition of one or more other features, numbers, 

steps, operations, elements, components, or combination 

thereof described in this specification, but do not 

preclude the presence or addition of one or more other 10 

features, numbers, steps, operations, elements, components, 

or combination thereof. 

[50] Unless defined otherwise, all terms used herein 

including technical or scientific terms have the same 

meanings as generally understood by a person having 15 

ordinary knowledge in the art to which the present 

disclosure pertains.  The terms defined in general 

dictionaries are construed as having meanings consistent 

with the contextual meanings of the art, but not 

interpreted as ideal meanings or excessively formal 20 

meanings unless explicitly defined in the present 

application. 

[51] Terms such as ‘a first’ and ‘a second’ are used only 

for the purpose of distinguishing a constitutive element 

from another constitutive element, but a constitutive 25 
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element should not be limited to a manufacturing order, and 

the terms described in the detailed description of the 

present disclosure may not be consistent with those 

described in the claims. 

[52] For convenience of the description of a compact spring 5 

return actuator according to the present disclosure, when 

an approximate direction rather than a precise direction is 

specified with reference to FIGS. 1a and 1b, a lower side 

is determined on the basis of a direction to which gravity 

is applied, and an upper side, the lower side, a left side, 10 

and a right side are determined on the basis of the lower 

side.  This standard may be also applied to the other 

drawings, and directions may be specified and described on 

the basis of this standard unless the detailed description 

of the present disclosure and the claims specially indicate 15 

otherwise. 

[53] Hereinafter, the compact spring return actuator 

according to the present disclosure will be described with 

reference to the attached drawings. 

[54] As illustrated in FIGS. 1a to 5b, the present 20 

disclosure relates to a compact spring return actuator 

capable of automatically returning a valve to an original 

position when an emergency situation such as a power 

failure occurs.  Further, the compact spring return 

actuator includes a driving shaft 10 actuated by a motor M, 25 



 14 

a driven shaft 20 opening and closing a valve (not 

illustrated), a deceleration means reducing a rotational 

force of the motor M or a rotational force of an emergency 

return means 30, the emergency return means 30 rotationally 

returning the valve to a position before the valve is 5 

initially actuated, a braking means 40 of the emergency 

return means 30, and a manual opening and closing means 50. 

[55] Specifically, the present disclosure includes: 

[56] the driving shaft 10 configured to be rotated by 

receiving a driving force from the motor M; 10 

[57] the driven shaft 20 configured to be rotated by the 

driving shaft 10, thereby opening and closing the valve 

(not illustrated); 

[58] the deceleration means configured to reduce the 

rotational force that is transmitted to the driven shaft 20; 15 

and 

[59] the emergency return means 30 provided with an elastic 

body and an actuation shaft 321 that is configured to 

convert an elastic force of the elastic body to a 

rotational force and to transmit the rotational force, 20 

thereby being configured to rotationally return the valve 

when power is blocked. 

[60] Further, the deceleration means includes: 

[61] a first differential planetary gear decelerator 11 

provided at the driving shaft 10; and 25 
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[62] a second differential planetary gear decelerator 34 

which is provided at the actuation shaft 321 and which is 

engaged and connected with the first differential planetary 

gear decelerator 11. 

[63] The deceleration means includes gear portions 111a and 5 

342a which are respectively formed on respective outer 

circumferential surfaces of a stationary ring gear 111 of 

the first differential planetary gear decelerator 11 and a 

differential ring gear 342 of the second differential 

planetary gear decelerator 34 and which are engaged with 10 

each other. 

[64] The deceleration means includes a spur gear 

deceleration unit R1 engaged and connected between a rotary 

shaft M1 of the motor M and the driving shaft 10. 

[65] In addition, the present disclosure includes the 15 

braking means 40 provided with at least two electromagnetic 

brakes limiting an actuation of the emergency return means 

30, the braking means 40 being configured to be set such 

that on and off actuations of each of the electromagnetic 

brakes are alternately operated every predetermined time so 20 

that other electromagnetic brake is turned off when one 

electromagnetic brake is turned on. 

[66] The electromagnetic brakes include interlocking gears 

412 and 422 that are capable of being rotated together with 

the actuation shaft 321 while being in an off state. 25 
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[67] In the braking means 40, the interlocking gears 412 

and 422 of the respective electromagnetic brakes are 

engaged and connected with each other, and the actuation 

shaft 321 is connected to one interlocking gear 412 of the 

electromagnetic brakes. 5 

[68] The deceleration means includes the spur gear 

deceleration unit R1 engaged and connected between the 

rotary shaft M1 of the motor M and the driving shaft 10. 

[69] The elastic body is formed of an S-shaped spiral 

spring 33. 10 

[70] The emergency return means 30 includes: 

[71] a first rotating body 31 mounted at a first side of a 

housing H; and 

[72] a second rotating body 32 which is mounted at a second 

side of the housing H and which is provided with the 15 

actuation shaft 321 that is configured to transmit a 

rotational driving force to the valve. 

[73] Further, the S-shaped spiral spring 33 has a first 

side end which is connected to and wound on the first 

rotating body 31 such that an elastic force is accumulated, 20 

and has a second side end connected to the second rotating 

body 32. 

[74] The actuation shaft 321 is engaged with the stationary 

ring gear 111 of the first differential planetary gear 

decelerator 11. 25 
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[75] First, in the driving shaft 10, an end gear at an 

input side of the driving shaft 10 is connected to the spur 

gear deceleration unit R1 of the deceleration means.  

Further, the driving shaft 10 includes the first 

differential planetary gear decelerator 11 that is provided 5 

at the input side, and includes a worm shaft portion 12 

that is provided at an output side of the driving shaft 10.  

[76] In addition, together with the second differential 

planetary gear decelerator 34 provided at the actuation 

shaft 321 of the emergency return means 30, the first 10 

differential planetary gear decelerator 11 forms a 

differential planetary gear deceleration unit R2.  Further, 

together with a worm wheel portion 21 of the driven shaft 

20, the worm shaft portion 12 forms a worm gear 

deceleration unit R3. 15 

[77] The driven shaft 20 is connected to the driving shaft 

10 such that the driven shaft 20 is in a direction 

orthogonal to the driving shaft 10.  Further, the driven 

shaft 20 includes the worm wheel portion 21 which is 

positioned at an input side of the driven shaft 20 and 20 

which is engaged with the worm shaft portion 12, and 

includes an opening and closing body 22 which is positioned 

at an output side of the driven shaft 20 and which is 

coupled to the valve. 

[78] At this time, since most valves are opened and closed 25 
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by being rotated 90 degrees, the worm wheel portion 21 does 

not have a circular ring shape formed in a circumferential 

direction of the driven shaft 20, and the worm wheel 

portion 21 has an arc shape. 

[79] In addition, the deceleration means includes the spur 5 

gear deceleration unit R1, the differential planetary gear 

deceleration unit R2, and the worm gear deceleration unit 

R3. 

[80] The spur gear deceleration unit R1 is formed by 

sequentially engaging spur gears with each other between 10 

the rotary shaft M1 of the motor M and the driving shaft 10, 

the spur gears having teeth that have diameters different 

from each other. 

[81] Accordingly, the spur gear deceleration unit R1 

primarily decelerates the rotational force of the motor M 15 

and transfers a decelerated rotational force to the input 

side of the driving shaft 10. 

[82] sun gears (not illustrated) respectively connected to 

input sides of the first differential planetary gear 

decelerator 11 and the second differential planetary gear 20 

decelerator 34 are respectively disposed at center 

positions of the first differential planetary gear 

decelerator 11 and the second differential planetary gear 

decelerator 34, and planetary gears are disposed in a 

circumferential direction of each of the sun gears, so that 25 
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the sun gears and the planetary gears are engaged with each 

other.  Further, the first differential planetary gear 

decelerator 11 and the second differential planetary gear 

decelerator 34 are respectively formed of the stationary 

ring gears 111 and 341 which are respectively positioned at 5 

the respective input sides and which are internally engaged 

with outer sides of the planetary gears and which are 

arranged back and forth but are not rotated, and are 

respectively formed of the differential ring gears 112 and 

342 which are positioned at respective output sides and 10 

which are connected with the output side (that is, the worm 

shaft portion 12) of the driving shaft 10 and which are 

capable of being rotated. 

[83] In addition, the stationary ring gear 111 of the first 

differential planetary gear decelerator 11 and the 15 

differential ring gear 342 of the second differential 

planetary gear decelerator 34 are engaged with each other 

by the gear portions 111a and 342a that are respectively 

formed on outer circumferential surfaces of each of the 

stationary gear 111 and the differential ring gear 342. 20 

[84] Such a differential planetary gear deceleration unit 

R2 decelerates and transmits a rotational force transmitted 

to the input side to the output side and, on the contrary, 

does not transmits a rotational force transmitted to the 

output side to the input side by a self-lock function of 25 
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each of the differential planetary gear decelerators 11 and 

34. 

[85] Accordingly, the first differential planetary gear 

decelerator 11 is configured as follows. 

[86] In the first differential planetary gear decelerator 5 

11, the rotational force input to the driving shaft 10 is 

secondarily decelerated and transmitted to the driven shaft 

20. 

[87] Meanwhile, since a rotational force which is applied 

to the valve by a pressure of a fluid and so on and which 10 

is transmitted to the driven shaft 20 is not transmitted to 

the spur gear deceleration unit R1 that is connected to the 

input side of the driving shaft 10, the first differential 

planetary gear decelerator 11 prevents an unintentional 

closing actuation of the valve in an opened state and, at 15 

the same time, prevents a transmitted return shock from 

being transmitted to the spur gear deceleration unit R1 and 

the motor M. 

[88] In addition, in the second differential planetary gear 

decelerator 34, since the second differential planetary 20 

gear decelerator 34 does not receive the rotational force 

from the first differential planetary gear decelerator 11, 

the second differential planetary gear decelerator 34 is 

not affected by the actuation of the motor M or the manual 

opening and closing means 50, and primarily decelerates and 25 
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transmits only a rotational force generated from the 

emergency return means 30 to the first differential 

planetary gear decelerator 11. 

[89] Accordingly, since the S-shaped spiral spring 33 of 

the emergency return means 30 is not compressed when the 5 

rotary shaft M1 of the motor M is rotated in one direction, 

the amount of load that the motor M handles is reduced, so 

that a small motor and small spur gears having small 

capacity are capable of being used, thereby being capable 

of reducing a size (volume) of the actuator and reducing a 10 

weight of the actuator. 

[90] At this time, a separate differential planetary gear 

decelerator mounted at a separate interlocking shaft may be 

additionally connected between the first differential 

planetary gear decelerator 11 and the second differential 15 

planetary gear decelerator 34, so that a deceleration ratio 

may be increased. 

[91] In addition, the worm gear deceleration unit R3 is 

configured to thirdly decelerates and transmits the 

rotational force of the motor M or the emergency return 20 

means 30 to the driven shaft 20, the rotational force being 

transmitted to the driving shaft 10, and is in the same 

manner as the known worm gear. 

[92] That is, the deceleration means of the present 

disclosure is configured as follows. 25 
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[93] In the deceleration means of the present disclosure, 

the rotational force of the motor M is decelerated in three 

stages while sequentially passing through the spur gear 

deceleration unit R1, the first differential planetary gear 

decelerator 11, and the worm gear deceleration unit R3, and 5 

is transmitted to the driven shaft 20. 

[94] Further, the rotational force (elastic force) of the 

emergency return means 30 is decelerated in three stages 

while passing through the second differential planetary 

decelerator 34, the first differential planetary 10 

decelerator 11, and the worm gear deceleration unit R3, and 

is transmitted to the driven shaft 20. 

[95] Furthermore, the rotational force of the manual 

opening and closing means 50 is decelerated in two stages 

while sequentially passing through the first differential 15 

planetary gear decelerator 11 and the worm gear 

deceleration unit R3, and is transmitted to the driven 

shaft 20. 

[96] In addition, the emergency return means 30 is mounted 

inside the housing H that is separately coupled to a first 20 

side of the casing C. 

[97] Further, the elastic body mounted inside the housing H 

is formed of the S-shaped spiral spring 33 that 

rotationally returns the valve. 

[98] Specifically, the emergency return means 30 includes: 25 
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[99] the first rotating body 31 mounted at the first side 

of the housing H; and 

[100] the second rotating body 32 which is mounted at the 

second side of the housing H and which is provided with the 

actuation shaft 321. 5 

[101] Further, the S-shaped spiral spring 33 has the first 

side end which is connected to and wound on the first 

rotating body 31 such that the elastic force is accumulated, 

and has the second side end connected to the second 

rotating body 32. 10 

[102] The first rotating body 31 and the second rotating 

body 32 are formed in tape reel shapes, and the S-shaped 

spiral spring 33 is wound on the first rotating body 31 and 

the elastic force is accumulated. 

[103] At this time, the first rotating body 31 is simply 15 

mounted at the housing H. 

[104] However, the actuation shaft 321 axially protrudes 

and is connected to the second rotating body 32, and the 

second differential planetary gear decelerator 34 provided 

at an output side of the actuation shaft 321 is engaged 20 

with the first differential planetary gear decelerator 11.  

Therefore, the rotational force of the first rotating body 

31, i.e., the elastic force of the S-shaped spiral spring 

33 is converted into the rotational force and is 

decelerated and transmitted to the driving shaft 10. 25 
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[105] In addition, the S-shaped spiral spring 33 has 

opposite ends respectively coupled and connected to the 

first rotating body 31 and the second rotating body 32, and 

elastic forces at opposite side ends thereof act in 

opposite directions. 5 

[106] That is, in the first rotating body 31, an elastic 

force occurs in a direction where the S-shaped spiral 

spring 33 is released.  However, in the second rotating 

body 32, an elastic force occurs in a direction where the 

S-shaped spiral spring 33 is wound. 10 

[107] Accordingly, in a state in which a rotation of the 

second rotating body 32 is stopped by the braking means 40 

after the S-shaped spiral spring 33 is wound on the first 

rotating body 31, when the braking means 40 is turned off 

by a power failure and so on, the S-shaped spiral spring 33 15 

functions as follows. 

[108] The S-shaped spiral spring 33 is configured such that 

the first side end of the S-shaped spiral spring 33 is 

released from the first rotating body 31 by the elastic 

force.  At the same time, the second side end of the S-20 

shaped spiral spring 33 is wound on the second rotating 

body 32 and rotates the actuation shaft 321 of the second 

rotating body 32. 

[109] Then, the rotational force of the actuation shaft 321 

is sequentially transmitted to the driving shaft 10 and to 25 
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the driven shaft 20, and the valve is opened and closed by 

rotationally returning the valve in a direction opposite to 

an initial actuation direction of the valve (that is, a 

direction closing the valve when the valve is in the opened 

state by electrically driving the valve, or a direction 5 

opening the valve when the valve is in the closed state). 

[110] Unlike a conventional typical coil spring or a 

torsion spring, such a S-shaped spiral spring 33 does not 

have a large difference between a preload according to 

compression and a pressure in a fully compressed state, and 10 

the strength and the size of gear components that are 

actuated by the elastic force of the S-shaped spiral spring 

33 do not have to be large, so that a small motor with low 

output for electrically driving an actuator is capable of 

being used, thereby being capable of significantly reducing 15 

an overall size (volume) of the actuator. 

[111] In addition, since the rotational force that occurs 

by the S-shaped spiral spring 33 is decelerated in three 

stages through the deceleration means and is transmitted to 

the driven shaft 20, the final torque of the driven shaft 20 

20 is capable of being easily designed to match a 

conventional reference torque even if the small motor with 

low output is used, so that the miniaturization of the 

actuator may be realized. 

[112] Next, the braking means 40 is provided with the 25 
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electromagnetic brakes that limit the actuation of the 

emergency return means 30. 

[113] Particularly, the braking means 40 is provided with 

at least two electromagnetic brakes that limit the 

actuation of the emergency return means 30, and the on and 5 

off actuations of each of the electromagnetic brakes are 

set to be alternately operated every predetermined time. 

[114] The electromagnetic brakes use magnets to stop 

rotations of brake rings 411 and 421, the brake rings 411 

and 421 being coupled to each other by fitting a shaft 10 

portion of the second rotating body 32 thereinto. 

[115] Further, when the power is supplied, the brake rings 

411 and 421 hold the second rotating body 32 such that the 

second rotating body 32 is not rotated.  Furthermore, when 

the power is blocked, stopping of the brake rings 411 and 15 

421 is released, so that the second rotating body 32 is 

capable of being rotated. 

[116] At this time, the electromagnetic brakes may be 

mounted such that a plurality of electromagnetic brakes are 

arranged on an outer side surface of the housing H in 20 

multiple columns in an axial direction of the second 

rotating body 32, so that each of the electromagnetic 

brakes may stop the shaft portion of the second rotating 

body 32. 

[117] More preferably, in a state in which one 25 
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electromagnetic brake is mounted such that the one 

electromagnetic brake holds the shaft portion of the second 

rotating body 32, remaining electromagnetic brakes are 

disposed in a circumferential direction and are engaged 

with each other so as to be interlocked with each other. 5 

[118] To this end, the electromagnetic brakes include the 

interlocking gears 412 and 422 that are capable of being 

rotated together with the actuation shaft 321 during the 

off state. 

[119] The interlocking gears 412 and 422 protrude along the 10 

outer circumferential surfaces of the brake rings 411 and 

421, respectively. 

[120] In addition, in the braking means 40, the 

interlocking gears 412 and 422 of the respective 

electromagnetic brakes are engaged and connected with each 15 

other, and the actuation shaft 321 is connected to one of 

the interlocking gears 412 and 422 of the electromagnetic 

brakes. 

[121] That is, after one electromagnetic brake holds the 

shaft portion of the second rotating body 32 and is mounted 20 

as a main electromagnetic brake 41, a remaining 

electromagnetic brake functions as an auxiliary 

electromagnetic brake 42 engaged with the main 

electromagnetic brake 41 such that the auxiliary 

electromagnetic brake 42 is interlocked with the main 25 
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electromagnetic brake 41. 

[122] Accordingly, when the power is supplied to one of the 

electromagnetic brakes 41 and 42, the brake rings 411 and 

421 of all of the electromagnetic brakes 41 and 42 are 

locked and are not capable of being rotated, due to an 5 

engagement structure of the interlocking gears 412 and 422.  

Therefore, the actuation of the emergency return means 30, 

i.e., the rotation of the actuation shaft 321 is prevented. 

[123] Further, when the on and off actuations of each of 

the electromagnetic brakes 41 and 42 are alternately 10 

repeated at a magnetization prevention limit time period, 

the magnetization of the electromagnetic brakes 41 and 42 

does not occur while the actuation of the emergency return 

means 30 is in a state of being stopped in a normal state.  

Therefore, when an emergency situation occurs, the 15 

electromagnetic brakes 41 and 42 are actuated normally and 

are releasing a locked state of the second rotating body 32, 

so that the returning rotation of the valve by the 

emergency return means 30 is safely performed. 

[124] In addition, the manual opening and closing means 50 20 

includes a shaft 51 engaged and connected with the driving 

shaft 10, a manual actuation portion 52 capable of rotating 

the shaft 51, and a clutch lever 53 selectively connects 

the shaft 51 to the manual actuation portion 52. 

[125] The shaft 51 has a gear which is positioned at a 25 
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first side end portion of the shaft 51 and which is engaged 

with a spur gear at the input side of the driving shaft 10. 

[126] The manual actuation portion 52 is formed in a handle 

shape or a lever shape, and is mounted such that the manual 

actuation portion 52 is spaced apart from the shaft 51 on 5 

the same line by a predetermined distance. 

[127] The clutch lever 53 is configured to connect or 

separate the shaft 51 to the manual actuation portion 52, 

and a known clutch structure may be employed. 

[128] Accordingly, in the normal state, a clutch portion 10 

531 of the clutch lever 53 separates the shaft 51 from the 

manual actuation portion 52 such that the shaft 51 and the 

manual actuation portion 52 are not interlocking with each 

other, thereby preventing the manual actuation portion 52 

from rotating together with the shaft 51 during the 15 

electrical actuation. 

[129] In addition, in a facility inspection situation or an 

emergency situation, when a worker rotates the shaft 51 by 

the manual actuation portion 52 after the worker interlocks 

the shaft 51 with the manual actuation portion 52 by using 20 

the clutch portion 531 of the clutch lever 53, the 

rotational force is transmitted to the driven shaft 20 by 

the driving shaft 10, so that the valve is capable of being 

manually rotated to be opened and closed. 

[130] In addition, the present disclosure further includes 25 
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a hydraulic stopper 60 which stops the rotation of the 

valve and which also relieves a contact shock to the worm 

wheel portion 21. 

[131] The hydraulic stopper 60 includes: 

[132] support pipes 61 coupled and fixed to positions 5 

spaced apart from opposite side ends of the worm wheel 

portion 21 by a predetermined distance; 

[133] buffer cylinders 62 which are fitted into and coupled 

to respective support pipes 61 such that the buffer 

cylinders 62 can protrude toward front end portions of the 10 

respective support pipes 61 and which have respective 

buffer portions 621 in which a hydraulic oil is filled; 

[134] buffer pins 63 which are respectively coupled to 

inner portions of the support pipes 61 and which are 

provided with respective piston portions 631 that are 15 

fitted into the respective buffer portions 621; and 

[135] compression springs 64 which are respectively 

supported by front surfaces of the respective piston 

portions 631 and which are elastically supporting the 

respective buffer cylinders 62 such that the buffer 20 

cylinders 62 are moved forward. 

[136] The buffer cylinder 62 is provided with a contact 

portion 622 which is coupled to the front end portion of 

the buffer cylinder 62 and which is formed of a soft 

material such as rubber, the buffer portion 621 is sealed 25 
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by an O-ring of a cap 623 that is coupled to a rear end 

portion of the buffer cylinder 62, and the hydraulic oil is 

filled in the buffer portion 621. 

[137] The buffer pin 63 is fitted such that the buffer pin 

63 penetrates the cap 623, and the piston portion 631 5 

divides the buffer portion 621 into two front and rear 

spaces. 

[138] At this time, an orifice structure that allows the 

hydraulic oil to flow into the front and rear spaces of the 

piston portion 631 is formed in the buffer cylinder 62 or 10 

the piston portion 631 or both of the buffer cylinder 62 

and the piston portion 631. 

[139] The compression spring 64 supports the buffer 

cylinder 62 such that the buffer cylinder 62 is moved 

forward with respect to the piston portion 631 and the 15 

contact portion 622 protrudes outward from the front end of 

the support pipe 61. 

[140] Accordingly, by the rotation of the driven shaft 20, 

the first side end of the worm wheel portion 21 is in 

contact with the contact portion 622 of the buffer cylinder 20 

62 that is positioned at a rotation path, so that the 

buffer cylinder 62 receives a pressure that inserts the 

buffer cylinder 62 into the support pipe 61. 

[141] As such, when the buffer cylinder 62 is inserted, the 

piston portion 631 pushes the hydraulic oil of the buffer 25 
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portion 621 so that the hydraulic oil flows into the space 

at a rear end of the piston portion 631 by the orifice 

structure.  At this time, as the buffer cylinder 62 is 

inserted in a low speed by a repulsive pressure of the 

hydraulic oil, a shock applied to the buffer cylinder 62 is 5 

reduced and relieved. 

[142] In addition, when an external force applied to the 

buffer cylinder 62 is relieved, the buffer cylinder 62 

moves forward by an elastic force of the compression spring 

64 and is returned to an original position.  At this time, 10 

the hydraulic oil at the rear end of the piston portion 631 

flows again into the front space of the piston portion 631 

and is filled inside the front space. 

[143] When the valve is rotated, particularly when the 

valve is actuated by the emergency return means 30, such a 15 

hydraulic stopper 60 buffers a shock generated when the 

valve is stopped after the valve is rotated in a high speed, 

thereby preventing damage to components of the actuator. 

[144] That is, in the motor M or the manual opening and 

closing means 50, a rotation angle and a rotation speed of 20 

the valve may be easily controlled. 

[145] However, in the emergency return means 30, due to the 

high elastic force of the S-shaped spiral spring 33, the 

valve, i.e., the driven shaft 20 is rotated at a relatively 

very high speed even if the deceleration occurs. 25 
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[146] At this time, a stopper for stopping the rotation of 

the driven shaft 20 is required, but a conventional typical 

stopper is frequently damaged since the conventional 

typical stopper is not capable of relieving a shock applied 

by a high rotational speed of the worm wheel portion 21.  5 

However, the present disclosure may prevent damage to 

components by applying the hydraulic stopper 60 configured 

as described above. 

[147] Meanwhile, the casing C is assembled by coupling 

upper and lower casings C1 and C2 with a bolt B and a nut N.  10 

Since the nut N can be loosened by operational vibration, 

the present disclosure further includes a nut loosening 

prevention means as illustrated in FIGS. 6a and 6b, so that 

the bolt B is more rigidly fixed and a coupling force of 

the bolt B is increased. 15 

[148] The nut loosening prevention means includes: 

[149] a ratchet tooth portion C31 formed along a 

circumference of an outer side surface of a screw hole C3 

of the casing C; and 

[150] a ratchet bar N1 including a binding portion N11 20 

which is elastically supported in a direction to the 

ratchet tooth portion C31 from inside the nut N and which 

protrudes toward a front surface of the nut N such that the 

binding portion N11 is capable of being locked on the 

ratchet tooth portion C31, the ratchet bar N1 including a 25 



 34 

pushed portion N13 that is provided with a cam groove N12 

which extends and is connected to a rearward of the binding 

portion N11 and which is inclined upward to the outside 

from inside of a first side of the cam groove N12. 

[151] Further, the nut loosening prevention means includes 5 

a pressing bar N2.  The pressing bar N2 includes: a pressed 

portion N21 which is elastically supported toward one 

surface of hexagonal surfaces of the nut N from inside the 

nut N and which protrudes the one surface of the hexagonal 

surface of the nut N; and a pressing portion N23 including 10 

a pressing protrusion N22 which extends and is connected to 

a lower portion of the pressed portion N21 and which is in 

contact with the first surface of the pushed portion N13 in 

a direction orthogonal to the pushed portion N13 and which 

is fitted into the cam groove N12. 15 

[152] In the ratchet tooth portion C31, teeth having 

inclined surfaces that are inclined upward in a tightening 

direction of the nut N are arranged in a circular shape 

along the circumference of the screw hole C3, and protrudes 

to a rear surface. 20 

[153] The ratchet bar N1 is fitted into an appearing and 

disappearing groove formed on the front surface of the nut 

N, and the rear end of the pushed portion N13 is supported 

by a first spring N3, so that the binding portion N11 

protrudes toward the front surface of the nut N. 25 
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[154] The pressing bar N2 is fitted into another appearing 

and disappearing groove formed on one of the hexagonal 

surfaces of the nut N, and a lower end of the pressed 

portion N21 is supported by a second spring N4.  Further, 

the pressed portion N21 protrudes to one of the hexagonal 5 

surfaces of the nut N, and the pressed portion N21 is 

formed in a hemispherical shape. 

[155] Therefore, when the nut N is tightened to the bolt B 

and the binding portion N11 is in contact with the ratchet 

tooth portion C31, the ratchet bar N1 protrudes in front 10 

and rear directions and the binding portion N11 is 

completely tightened to the screw portion 152 by passing 

through the ratchet tooth portion C31.  After then, since 

the binding portion N11 is locked on one of the teeth of 

the ratchet tooth portion C31, the nut N is not loosened by 15 

vibration and so on. 

[156] In addition, when a wrench is fitted in line with the 

hexagonal surfaces of the pressing bar N2, the pressed 

portion N21 is pressed by the wrench and the pressing bar 

N2 is inserted.  At this time, as the pressing portion N23 20 

is moved downward in a vertical direction thereof, the 

pressing protrusion N22 is moved downward and is pushing 

the inclined surface of the cam groove N12, thereby pushing 

the pushed portion N13 rearward.  Accordingly, the ratchet 

bar N1 is moved backward and the binding portion N11 is 25 
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inserted inside the nut N, and the ratchet bar N1 is 

separated from the ratchet tooth portion C31, so that the 

nut N is capable of being easily released by the wrench. 

[157] In describing the present disclosure above, the 

compact spring return actuator has been mainly described 5 

with reference to the accompanying drawings, but the 

present disclosure may be variously modified, changed, and 

substituted by those skilled in the art.  Such 

modifications, changes, and substitutions should be 

construed as falling within the scope of the present 10 

disclosure. 
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CLAIMS 

 

1. A compact spring return actuator, the actuator 

comprising: 

a driving shaft configured to be rotated by receiving a 5 

driving force from a motor; 

a driven shaft configured to open and close a valve by 

being rotated by the driving shaft; 

a deceleration means configured to decelerate a 

rotational force that is transmitted to the driven shaft, the 10 

deceleration means comprising a differential planetary gear 

decelerator provided at the driving shaft; and 

an emergency return means provided with an elastic body 

and an actuation shaft which is configured to convert an 

elastic force of the elastic body to a rotational force and 15 

to transmit the rotational force and which is engaged with 

the differential planetary gear decelerator, thereby being 

configured to rotationally return the valve when power is 

blocked. 

 20 

2. The actuator of claim 1, comprising a braking means, 

the braking means being provided with at least two 

electromagnetic brakes that limit an actuation of the 

emergency return means, and the braking means being 

configured to be set such that on and off actuations of each 25 
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of the electromagnetic brakes are alternately operated every 

predetermined time so that other of the electromagnetic 

brakes are turned off when one of the electromagnetic brakes 

is turned on. 

 5 

3. The actuator of claim 1, wherein the elastic body is 

formed of an S-shaped spiral spring. 

 

4. The actuator of claim 1, wherein the deceleration 

means comprises a first differential planetary gear 10 

decelerator provided at the driving shaft, and comprises a 

second differential planetary gear decelerator which is 

provided at the actuation shaft and which is engaged and 

connected with the first differential planetary gear 

decelerator. 15 


